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SUMMARY  PAGE 


True  PROBLEM 

To  specify  the  characteristics  of  lights  to  be  installed  around  the 
emergency  escape  hatches  of  helicopters  to  provide  for  optimal  visibility 
under  water. 

FINDINGS 

The  optimal  arrangement  of  lights  around  helicopter  escape  hatches, 
the  range  of  intensities  required,  the  effects  of  viewing  angle  and  the 
dimensions  of  the  lights  on  visibility,  and  the  effects  of  variations  in 
the  el ectrical  power  supplied  to  electro-luminescent  panels,  have  been 
determined . 

APPLICATION 

These  findings  are  pertinent  to  the  setting  up  of  specifications 
for  lighting  for  helicopter  escape  hatches. 
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ABSTRACT 


To  specify  the  desirable  characteristics  of  lighting  around  helicopter 
escape  hatches  which  must  be  visible  under  water,  tests  were  carried  out 
of  several  types  of  lights.  The  optimal  arrangement  of  lights  around  the 
hatch,  their  minimum  and  maximum  intensity,  .the  effects  of  viewing  angle 
on  their  visibility,  the  effects  of  the  dimensions  of  the  lights,  and  the 
variations  in  the  intensity  of  the  electro-luminescent  panels  with  changes 
in  the  power  supplied  were  determined.  Suggestions  for  lighting  specifica¬ 
tions  are  given. 


iii 


\ 


A  recent  survey  of  nearly  250  competitive  canoeists  revealed 
that  they  regard  capsizing  in  cold  water  with  great  concern. ^ 
Despite  their  extensive  training  for  such  an  eventuality,  21% 
of  those  who  had  experienced  capsize  confessed  to  "extreme 
alarm,"  and  79%  admitted  to  being  concerned.  Sixty-two  per¬ 
cent  reported  visual  difficulties,  dizziness,  and  disorienta¬ 
tion.  How  much  more  serious  must  be  the  problems  for  untrained 
and  inexperienced  individuals! 


INTRODUCTION 

When  a.  helicopter  is  forced  to 
make  an  emergency  landing  in  the 
water,  the  weight  of  the  engine  on 
top  of  the  fuselage  tends  to  invert 
the  aircraft  as  it  sinks .  Among 
other  problems ,  this  may  produce 
visual  difficulties  and  disorienta¬ 
tion  for  the  occupants  and  add  to 
the  difficulty  in  finding  an  escape 
hatch.  As  was  demonstrated  in  a 
preliminary  study,  it  would  be  of 
great  help  if  the  escape  hatches 
were  illuminated.  In  a  previous 
study  we  measured  the  threshold 
intensity  of  underwater  lights  for 
observers  in  different  stages  of 
adaptation  and  in  water  of  different 
turbidities.^  We  have  also  made  a 
preliminary  comparison  of  the  effec¬ 
tiveness  of  four  types  of  underwater 
lights 

Despite  these  specific  studies 
and  a  considerable  general  body  of 
literature, 5  several  questions  re¬ 
mained  unanswered.  One  has  to  do 
with  the  optimal  configuration  of 
lights  around  the  escape  hatch.  It 
is  important  to  know  which  side  of 
the  hatch  is  the  top,  because  the 
release  mechanism  to  open  the  hatch 
will  be  at  a  certain  location; 
knowing  the  orientation  of  the 
hatch  makes  it  easier  to  find  the 
release.  If  an  individual  is  dis¬ 
oriented  because  the  helicopter  has 
inverted  under  water ,  an  arrangement 
of  lights  around  the  hatch  that 
indicates  which  side  is  the  top 


would  be  of  great  benefit . 

Another  question  is  whether  or 
not  there  is  a  maximum  light  intensity 
which  should  not  be  exceeded.  Con¬ 
cern  has  centered  exclusively  around 
the  determination  of  the  minimum 
light  level  needed  for  detectability 
in  water  of  various  turbidities. 

This  is  certainly  the  more  important 
question ,  but  in  our  comparison  of 
underwater  lights ,4  there  was  some 
indication  that  when  lights  of  too 
great  an  intensity  are  installed  in 
a  small  area,  observers  may  become 
confused  as  to  the  location  of  the 
lights.  Thus,  just  as  the  minimum 
necessary  light  level  is  a  function 
of ,  among  other  things ,  the  turbidity 
of  the  water,  it  is  also  possible 
that  the  degree  of  disorientation 
caused  by  very  bright  lights  varies 
with  the  turbidity. 

Another  question  has  to  do  with 
the  effect  of  viewing  angle  on  the 
visibility  of  the  kinds  of  lights 
which  are  being  considered  for  instal¬ 
lation.  Further,  does  the  shape  of 
the  light  affect  its  visibility? 

Would  it  be  more  effective,  for 
example,  to  have  for  the  same  cost, 
a  short  wide  light  or  a  long  thin 
light?  Finally,  to  be  legibile  under 
water,  what  size  letters  are  required 
for  any  instructions  which  are  printed 
on  the  hatches?  The  experiments  re¬ 
ported  in  this  paper  bear  on  these 
questions . 
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GENERAL  METHODS 

The  experiments  were  carried 
out  in  an  above-ground  swimming 
pool,  12  x  21  x  4  ft  deep.  The 
subject  was  positioned  near  one  end 
of  the  pool,  and  the  lights  were 
presented  at  six  locations  around 
the  perimeter  of  the  pool,  8,  10, 
and  14  .feet  from  the  subject  (see 
Pig.  1) .  On  a  Boeing -Vertol  V-107 
helicopter  troop  carrier,  the 
farthest  distance  from  an  escape 
hatch  at  which  a  passenger  sits  is 
about  12  ft. 

Water  Turbidity  -  Pour  levels 
of  turbidity  were  produced  during 
these  experiments .  At  our  lowest 
turbidity,  a  large  black  object  was 
visible  at  a  distance  of  about  14 
to  15  ft  (4.5  m)  in  sunlight  to  an 
observer  wearing  a  facemask. 
According  to  Dunt ley's  rule-of- 
thumb,6  the  distance  in  meters  that 
such  an  object  can  be  seen  is  equal 
to  about  4/a;  a  is  the  attenuation 
coefficient  of  the  water  expressed 
in  natural  log  units  per  meter. 
Thus,  for  a  visibility  distance  of 
4.5m,  a  is  about  0.9.  In  our 
moderately  turbid  condition  the 
object  could  be  seen  at  a  distance 
of  about  2.6m  (a  t  1.5) .  In  the 
turbid  condition,  the  visibility 
distance  was  about  1.6  (a  a*  2.5) . 

In  addition,  some  measurements  were 
taken  at  an  even  higher  turbidity, 
with  a  ^  3.0.  The  coefficients  of 
turbidity  should  be  related  to 
natural  bodies  of  water .  In  very 
clear  water ,  a  is  about  0.1.  In 
the  ocean  near  the  coast,  a  may 
increase  to  about  0.5.  As  harbors 
are  approached,  a  will  rise  to 
about  1.5  and  in  harbors  and  turbid 
rivers  one  would  expect  to  find  • 
a  =  2.5  or  higher. 

The  turbidity  was  controlled 
by  adding  corn  starch  to  the  water. 


It  was  adjusted  about  three  hours 
before  the  experiment  began t  before 
sunset . 

\ 

Lights  -  Several  different 
lights  were  used  in  the  various  experi 
ments .  their  luminance  was  measured 
with  a  Spectra  Pritchard  photometer 
Model  1970-PR,  manufactured  by  Photo 
Research  Corp.,  Division  of  Kollmorgen 

(1)  The  "Bug-Diver  400  High 
Intensity  Light"  manufactured  by  the 
Darrell-Alien  Corp.  This  is  a  hand¬ 
held  light  which  gives  out  a  high 
intensity  (4,000  to  5,000  fL)  colli¬ 
mated  beam  of  light. 

(2)  The  Cyalume  "Lightstick" 
luminescent  chemical  illumination 
manufactured  by  American  Cyanamid  Co. 
When  initiated,  it  produces  about 
150  fL;  this  drops  within  10  minutes 
to  about  60  fL  and  declines  steadily 
thereafter  to  about  20  fL  after  two 
hours. 

(3)  Electro-luminescent  panels 
manufactured  by  several  companies. 

Some  were  flat  panels  with  shiny 
surfaces;  others  were  flat  panels 
with  rough,  diffusing  surfaces;  some 
had  sharply  convex  surfaces.  Their 
maximum  intensity  was  about  120  fL. 

(4)  Tritium  lights  -  Lights 
produced  by  radioactive  tritium. 

Their  maximum  intensity  was  about 
1.5  fL. 

Subjects  -  The  subjects  were 
staff  members  and  enlisted  men  at 
NSMRL,  as  well  as  engineers  from  the 
Naval  Air  Development  Center  and 
private  consulting  companies  associ¬ 
ated  with  the  research  project.  Dif¬ 
ferent  groups  of  individuals  served 
as  subjects  in  the  various  experi¬ 
ments.  There  were  two  to  three  sub¬ 
jects  in  each  experiment. 
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CONFIGURATION  OF  LIGHTS 

A  basic  question  was,  how 
should  the  lights  be  arranged 
around  the  hatch?  For  example , 
should  the  hatch  be  completely 
outlined,  or  should  there  be  a 
light  only  on  one  side,  etc.? 

Three  arrangements  (or  "configura¬ 
tions")  considered  as  being  among 
the  most  feasible  for  installation 
from  many  possible  configurations 
were  selected  for  testing.  These 
are  shown  in  Fig.  2.  In  Configura¬ 
tion  I,  the  top  and  sides  of  the 
hatch  are  bordered  with  light; 
the  bottom  of  the  hatch  is  illumi¬ 
nated  with  just  a  small  light.  In 
Configuration  II,  only  the  top  and 
sides  are  illuminated.  In  Config¬ 
uration  III,  the  top  is  illuminated 
along  its  full  length,  but  there 
are  only  short  lights  on  the  sides. 

As  noted  above,  the  reason  for 
testing  various  configurations  of 
lights  is  that  it  is  generally 
beneficial  to  know  which  sides  of 
the  escape  hatch  is  "up",  because 
the  release  handle  will  be  in  a 
certain  location.  If  the  helicop¬ 
ter  is  inverted  and  the  occupants 
are  disoriented,  they  may  find  the 
hatch  and  yet  be  confused  as  to 
where  the  release  is. 

In  this  experiment,  the  goals 
were  to  determine  which  configura¬ 
tion  allowed  the  subjects  to  judge 
most  quickly  which  side  of  the 
hatch  was  the  top,  and,  second, 
if  the  three  configurations  of 
lights  showed  any  visibility  dif¬ 
ference  at  the  three  distances . 

Method 

Three  frames  were  constructed 
which  were  approximately  the  size 
of  the  escape  hatches  on  the  Boeing- 


Vertol  V-107  helicopter  (Fig.  3) . 
Lights  could  be  attached  to  these 
frames  in  the  various  configurations. 
Before  the  session  began,  the  sub¬ 
jects  were  clear  as  to  which  side  of 
the  hatch  was  the  top.  With  the 
exception  noted  below,  the  three 
frames  were  immersed  with  one  frame 
closer  to  the  subject  than  the  others. 
To  test  the  subject's  ability  to 
discriminate  relative  distance  and  to 
test  the  visibility  of  the  configura¬ 
tions,  the  subject  was  first  required 
to  point  as  quickly  as  possible  to 
the  nearest  frame  (target  frame) . 

Then,  to  determine  if  he  could  judge 
which  side  of  the  hatch  was  up,  he 
was  instructed  to  indicate  the  top 
of  the  configurations  immediately 
after  pointing  to  the  nearest  frame. 
The  locations  of  the  frames  were 
counterbalanced  so  that  the  nearest 
frame  was  found  an  equal  number  of 
times  ^at  the  near,  middle,  and  far 
distance.  (Therefore,  on  a  certain 
number  of  trials  only  one  frame  was 
immersed  at  the  farthest  distance.) 
Moreover,  the  orientation  of  the 
target  frame  was  counterbalanced  so 
that  the  "top"  was  presented  an  equal 
number  of  times  in  each. of  the  four 
possible  positions,  while  the  orient¬ 
ation  of  the  other  frames  was  random¬ 
ized. 

Three  subjects  were  tested.  At 
the  start  of  each  trial,  the  subject 
knelt  under  the  water  with  his  eyes 
closed.  The  lights  were  positioned 
and  illuminated.  The  experimenter 
signalled  the  subject  and  at  the  same 
time  started  a  "lap- time"  stopwatch. 
The  times  at  which  the  subject  pointed 
to  the  frame  and  the  time  taken  to 
indicate  its  orientation  were  both 
recorded. 

Two  different  types  of  lights 
were  tested,  electro-luminescent  (EL) 
panels  and  chemical  lights.  The 
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Fig. 


.  The  frame  simulating  the  escape  hatch  to  which  the  lights  were  attached. 
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CONFIGURATION 

Fig.  4.  Percentage  of  trials  on  which  the  subjects  could  not  correctly  identify 
the  orientation  of  the  three  lighting  configurations  for  various  lights 
over  the  three  distances  in  water  of  two  turbidities.  Tb^  chemical  lights 
were  not  tested  in  Configuration  I  at  a  turbidity  of  a 'vO.9. 
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former  were  tested  at  two  luminance 
levels,  5  and  50  fL  in  water  of 
moderate  turbidity  (a<ui.5)  and  the 
latter  were  tested  in  water  of  two 
turbidities  (a*>0.9  and  1.5). 

Results 

Figure  4  shows,  for  each  of 
the  two  types  of  lights  under  the 
different  conditions,  the  percent¬ 
age  of  trials  in  which  an  error  was 
made  in  judging  the  orientation  of 
the  nearest  hatch  for  each  config¬ 
uration.  Typically,  configuration 

II  produced  the  lowest  error  scores. 

The  chemical  lights  were  more 
"legible"  than  the  EL  panels, 
probably  because  they  are  round  and 
not  subject  to  any  effects  of  view¬ 
ing  angle.  The  poorer  results  with 
the  chemical  lights  in  the  less 
turbid  water  (a *>0.9)  than  in  the 
more  turbid  water  (a  *>1.5)  must  bo 
ascribed  to  individual  differences 
between  subjects;  each  of  these 
sets  of  points  was  obtained  on  a 
different  night  with  different 
subjects  participating. 

Table  I  gives  the  percentage 
of  errors  in  judging  orientation 
of  the  different  configurations  for 
the  various  lights  at  the  three 
viewing  distances .  The  percentage 
of  errors,  averaged  for  the  chemical 
and  EL  panels,  was  least  for  .Con¬ 
figuration  II  at  each  distance. 

The  mean  percentage  of  errors  for 
these  lights  averaged  over  all 
three  distances  was  36%  for  Con¬ 
figuration  I ,  28%  for  Configuration 
II,  and  47%  for  Configuration  III. 

At  the  nearest  target-distance, 
the  ability  of  the  subjects  to  see 
the  arrangement  of  the  lights  was 
almost  perfect;  only  for  the  dim 
EL  panels  arranged  in  Configuration 

III  were  there  any  errors.  (It  is 


likely,  however,  that  the  tritium 
lights,  which  were  even  dii'nmer, 
would  have  produced  some  errors  if 
tested.)  At  the  farthest  distance, 
on  the  other  hand,  only  the  config¬ 
uration  of  the  chemical  lights  could 
be  perceived.  It  appears  that  the 
visibility  of  the  lighting  arrange¬ 
ment  is  improved  both  by  increased 
intensity  and  by  three-dimensional 
lights.  The  chemical  lights,  which 
were  somewhat  dimmer  than  the  more 
intense  EL  panels,  were  nevertheless 
more  visible,  presumably  because  they 
were  not  flat  panels. 

The  times  taken  to  judge  the 
correct  orientation  of  the  configur¬ 
ations  for  the  various  lights  are 
given  in  Table  II.  Although  there 
were  differences  in  the  number  of 
errors  made  in  responding  to  the 
different  configurations,  there  were 
no  great  differences  in  the  mean 
times  taken  to  make  the  correct 
judgments  of  orientation  for  the 
various  configurations;  if  the 
orientation  could  be  seen  at  all,  it 
was  seen  equally  fast  whatever  the 
configuration.  There  was,  however, 
a  clear  tendency  for  the  reaction 
times  to  increase  as  the  lights  were 
farther  away. 

This  procedure  was  repeated  at 
an  increased  turbidity  <a*»>2.5)  using 
long,  narrow  EL  panels  (width  =  3/8 
inch;  length  =  18  inches)  to  outline 
the  top  and  the  sides  of  the  hatch 
and  a  2  x  2  inch  panel  to  illuminate 
a  handle  and  indicate  the  bottom  of 
the  hatch  (Configuration  I) .  Once 
again  there  were  no  appreciable  dif¬ 
ferences  in  reaction  times  between 
the  two  configurations;  but  as  shown 
in  Fig.  5,  the  percentage  of  errors 
in  identifying  the  orientation  was 
greater  with  Configuration  I  than 
when  the  2  x  2  EL  was  omitted  (Con¬ 
figuration  II)  . 
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Table  I.  The  percent  of  errors  in  judging  orientation  of  the  different  configurations  of  various 
lights  at  the  three  viewing  distances  (  aWl.5) 
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Orientation  could  not  be  perceived. 


INTENSITY  RANGE 
Minimum  Intensity 


Extensive  measurements  have 
been  made  of  the  threshold  intensity 
for  subjects  at  various  adaptation 
levels  in  water  of  different 
turbidities. 3  These  measurements 
were  made,  however,  with  .relatively 
small  single  lights.  It  was, 
therefore,  decided  to  measure 
threshold  intensity  for  a  set  of 
the  much  longer  EL  lights-  arranged 
into  a  hatch  configuration. 

Method 

The  frames  were  randomly  placed 
in  the  water  at  the  various  posit¬ 
ions,  and  the  intensity  of  the  nar¬ 
row  EL  panels  were  slowly  increased 
until  the  subject  signalled  that  he 
could  detect  the  light.  Several 
measurements  were  made  at  each  of 
the  target-distances  for  two  sub¬ 
jects  . 

For  this  experiment,  the  tur¬ 
bidity  was  increased  to  an  a  of  3.0. 
On  the  basis  of  the  records  of 
helicopter  crashes  during  the  last 
20  years,7  it  is  unlikely  that  • 
crashes  will  occur  in  water  of 
greater  turbidity  than  this.  Thus, 
lights  of  this  threshold  intensity 
will  probably  be  visible,  although 
as  Smith  et  al . 3  pointed  out,  we 
have  no  information  on  how  turbid 
the  water  becomes  inside  a  sub¬ 
merged  helicopter  as  a  result  of 
oil  spills,  etc. 

Results 

The  mean  thresholds  are  shown 
in  Fig.  6.  At  the  near  distance 
of  8  ft ,  a  mean  intensity  of  only 
2  fL  was  required  despite  the 
increased  turbidity.  This 


increased  to  8  fL  at  a  target  distance 
of  10  ft  and  to  20  fL  at  14  ft. 

These  threshold  values  are  not 
what  would  be  expected  on  the  basis 
of  Duntley's  rule-of-thumb1  for 
visibility  or  the  amount  of  light 
transmitted  through  water  of  these 
turbidities.  But  it  is  important  to 
keep  in  mind  that  Duntley's  rule  is 
formulated  for  light-adapted  divers 
wearing  facemasks,  whereas  these 
results  were  obtained  frith  dark- 
adapted  divers  without  facemasks . 

And  in  relatively  turbid  water  the 
observer  does  not  see  a  clear  image 
of  the  lights  but  is,  rather,  looking 
for  a  vague  cloud  of  light  more  or 
less  out  of  the  corner  of  his  eye. 

Any  anomalous  aspects  of  the  results 
are  probably  due  to  these  unusual 
conditions . 

Maximum  Intensity 

There  are  some  reasons  for 
considering  the  possibility  that  the 
intensity  of  the  escape-lights  should 
not  be  made  too  high  despite  an 
inclination  to  assume  that  the  brighter 
the  better.  In  turbid  water,  a  bright 
light  could  produce  a  large  cloud  of 
light  which  could  make  it  difficult 
to  localize  the  light.  We,  therefore, 
measured  localization  errors  to  lights 
of  various  intensities  in  turbid 
water  (aA/  2.5)  . 

Method 

To  achieve  high  intensities , 
the  "Bug  Diver  High  Intensity  Light" 
was  used.  The  same  general  procedure 
was  employed.  Three  lights  were, 
immersed  so  that  one  was  closer  than 
the  other  two.  The  subject  on  each 
trial  pointed  as  quickly  as  possible 
to  the  nearest  light.  His  pointing 
error  was  estimated.  The  intensity 
of  the  Bug  lights  was  adjusted  with 
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HATCH  DISTANCE  (FT) 

Fig.  5.  Percentages  of  trials  on  which  the  subjects  could  not  identify  the 

orientation  of  two  configurations  at  three  distances  in  highly  turbid 


neutral  density  filters. 

Results 

At  full  intensity,  about  4,500 
fL,  6%  of  the  responses  showed 
appreciable  localization  errors. 

When  the  lights  were  dimmed  to 
1,500  fL,  the  same  percentage  was 
obtained.  However,  at  an  intensity 
of  200  fL,  there  were  no  large 
pointing  errors.  Since  it  was 
thought  unlikely  that  the  manufact¬ 
urer  would  provide  escape  lights 
more  intense  than  200  fL,  no  further 
measurements  were  made. 

VIEWING  ANGLE 

Usually  the  occupant  of  a 
helicopter  will  not  be  sitting 
directly  across  from  a  hatch  and 
will,  therefore,  not  be  looking 
directly  at  the  hatch  lights.  It 
is  important  to  know,  then,  to  what 
extent  the  visibility  of  the  lights 
is  affected  by  the  viewing  angle. 

Figure  7  shows  for  example, 
the  effects  of  viewing  angle  in  air. 
This  gives  the  results  of  measuring 
the  intensity  of  three  different 
EL  panels  with  a  Spectra-Pritchard 
Photometer,  from  viewing  angles  of 
90°  (perpendicular  to  the  panel) 
to  10°.  Two  of  the  panels  had 
shiny,  non-diffusing  surfaces;  one 
of  these  was  2  inches  wide  and  the 
other  was  3/8  inch  wide.  The  third 
panel  had  a  rough,  diffusing  surface 
and  was  one  inch  wide.  There  was 
little  decline  in  luminous  flux 
until  the  viewing  angle  was  less 
than  30°.  Interestingly,  there 
appeared  to  be  no  difference  in 
the  rate  of  decrease  of  intensity 
between  the  shiny  and  the  diffusing 
panels . 

More  to  the  point  are  the 


threshold  intensities  of  the  various 
lights  obtained  for  subjects  in  the 
water.  Three  EL  panels  were  tested. 

Two  were  flat  and  one  was  convex. 

One  of  the  flat  panels  had  a  shiny, 
non-diffusing  surface:  the  other  had 
a  rough,  diffusing  surface. 

Method 

The  panels  were  immersed  against 
the  side  of  the  pool.  The  subject 
faced  the  darkened  light  at  various 
viewing  angles,  tested  in  random  order, 
from  a  distance  of  8  ft.  The  intens¬ 
ity  of  each  light  was  gradually 
increased  until  the  subject  signalled 
that  he  could  see  the  light.  Two 
measurements  were  made  at  each  viewing 
angle  for  each  of  two  subjects. 

Results 

Figure  8  shows  the  threshold 
intensities  in  water  of  different 
turbidities.  The  flat  panels  exhibit¬ 
ed  some  loss  of  visibility  as  the 
viewing  angle  became  less  direct, 
although  in  one  case  the  loss  was 
quite  small.  There  was  little  dif¬ 
ference  between  the  shiny,  non-dif¬ 
fusing  panel  and  the  panel  with  the 
diffusing  surface.  Not  surprisingly, 
the  convex  panel  showed  no  change 
whatsoever  in  threshold  as  the  view¬ 
ing  angle  changed. 

It  was  expected  that  as  the 
turbidity  increased,  the  effects  of 
viewing  angle  would  decrease.  The 
reasoning  was  that  the  increased 
turbidity  would  increase  the  scatter 
of  light  and  facilitate  its  detection 
when  the  viewing  angle  was  not  direct. 
There  is  no  clear  indication  that 
this  happened.  If  there  are  any 
general  conclusions  to  be  drawn  from 
this  figure,  it  is  that,  first,  a 
convex  panel  would  suffer  no  loss  of 
visibility  with  changes  in  viewing 
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Fig.  8.  Threshold  intensity  of. various  EL  panels  in  water  of  various  turbidities 
with  changes  in  viewing  angle.  Viewing  distance  was  8  ft. 
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Results 


angle.  Second,  for  flat  panels  it 
must  be  expected  that  threshold 
luminance  will  increase  as  the 
viewing  angle  decreases  from  90° 
to  small  angles,  and  flat  panels 
should  not  be  used  if  they  must  be 
viewed  at  small  angles. 

SHAPE  OF  LIGHTS 

Electro-luminescent  panels 
can  be  made  in  any  size  and  shape. 
The  power  required  for  a  panel 
depends  on  its  area, and, of  course, 
the  same  area  can  be  configured  in 
a  variety  of  shapes.  If  EL  panels 
are  chosen  to  light  the  escape 
hatches,  a  basic  question  is  whether 
one  shape  would  be  more  easily 
visible  than  another.  Would,  for 
example,  a  long,  thin  light  be 
more  visible  than  a  short,  wide 
light? 

Method 

To  test  this,  two  of  the  wider 
EL  panels,  2  x  10  inches,  were 
mounted  end-to-end  to  give  one 
light  2  x  20  inches.  This  light 
was  partially  masked  in  various 
ways  with  black  tape  and  its 
threshold  intensity  measured  in 
water  with  a  rJ  2.5.  Threshold 
intensity  was  measured  for  both 
the  double  panel  and  for  one  panel 
completely  exposed,  one  or  two 
panels  three-quarters  exposed, 
half  exposed,  or  'one-quarter 
exposed.  The  subject  was  position¬ 
ed  10  ft  from  the  darkened  lights 
and  their  intensity  slowly  in¬ 
creased  until  he  signalled  that 
he  could  see  the  light.  For  each 
light  configuration,  two  such 
determinations  were  made  for  two 
subjects. 


The  results,  shown  in  Fig.  9, 
indicate  that  shorter,  wider  panels 
are  more  visible  than  longer , thinner 
panels.  Three  comparisons  among  the 
eight  thresholds  lead  to  this  con¬ 
clusion.  First,  the  2  x  10  inch 
panel  (A)  and  the  1  x  20  inch  panel 
<C)  both  comprise  20  square  inches 
of  lighted  surface;  the  former  gave 
the  lower  threshold.  Second,  the 
1  x  10  inch  panel  (D)  and  the  1/2  x 
20  inch  panel  (E)  both  have  10  square 
inches  of  surface;  again,  the  shorter, 
wider  panel  gave  the  lower  threshold. 
Third,  consider  the  1.5  x  10  inch 
panel  (B)  and  the  1  x  20  inch  panel 
(C) .  In  this  case,  the  latter 
presents  a  greater  area  of  lighted 
surface,  20  sq.  in.,  than  the  former, 
15  sq.  in.  Yet,  the  threshold  for 
the  shorter, wider  panel  is  again 
lower . 

INSTRUCTION  DECALS 

It  is  customary  to  put  decals 
on  escape  hatches  giving  instructions 
for  opening  the  hatch.  A  sample  of 
such  an  instruction  decal  is  shown 
in  Fig.  10.  It  measures  8  x  1.75 
inches ;  the  letters  are  1/2  inch 
high.  It  is,  of  course,  well  known 
that  an  individual  in  the  water 
without  a  facemask  suffers  an  enor¬ 
mous  loss  of  visual  acuity.®'9  To 
demonstrate  this  again,  the  words 
"push"  and  "pull"  were  written  in 
various  sizes  in  black  on  a  silver 
metallic  background  and  held  under 
water  at  reading  distance. 

Method 

The- words  were  presented  to 
the  subject  at  a  distance  of  12  inches 
in  increasing  size  until  he  could 
read  the  word.  In  bright  sunlight, 
the  smallest  size  lettering  which 
was  legible  was  about  2-1/4  .inches 
tall  with  a  thickness  of  about  3/8 
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Fig.  9.  Luminance  thresholds  for  EL  panels  of  various  lengths  and  widths.  The 
viewing  distance  was  10  ft,  and  a  a;  2.5. 
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inch. 


The  same  procedure  was  car¬ 
ried  out  at  night  by  building  a 
plexiglas  box  which  was  partially 
immersed.  Black  cards  with  the 
words  cut  out  in  different  sizes 
were  placed  against  the  front  of 
the  box  and  illuminated  from 
behind  with  the  high  intensity  bug 
light.  Under  these  conditions,  an 
even  larger  size  of  lettering  was 
required  for  legibility;  the  small¬ 
est  size  letter  which  could  be  read 
was  about  3  inches  tall.  It  is 
clear  that  if  such  letter  sizes  are 
required,  very  little  information 
can  feasibly  be  presented. 

EFFECTS  OF  VARIATIONS  OF 
ELECTRICAL  POWER 

During  the  course  of  the  experi¬ 
ments  it  became  clear  that  the  lumi¬ 
nance  of  the  EL  panels  varied  with 
the  size  and  number  of  panels  which 
were  wired  together  and  with  the 
line  voltage.  It  may  be  of  interest 
to  note  examples  of  these  variations. 
Figure  11  shows  the  luminance  of  the 
3/8  inch  wide  panels  as  the  percent¬ 
age  of  the  line  voltage  is  varied  by 
rheostat  and  as  the  line  voltage  it¬ 
self  varies.  When  four  of  these 
panels  are  wired  to  the  rheostat  at 
the  maximum  setting  of  100%,  their 
luminance  is  120  fL  when  the  line 
voltage  is  120  v.  but  only  about 
105  fL  when  the  line  voltage  drops 
to  110  v. ,  etc.  As  the  percentage 
of  the  line  voltage  is  decreased, 
the  luminance  decreases  similarly 
for  all  line  voltages. 

The  data  in  Table  III  show 
the  effects  of  the  size  of  the  EL 
panels  on  luminance.  The  table 
shows  the  luminance  of  two  sizes  of 
panels,  3/8  x  18  inches  (narrow) 
and  2  x  10  inches  (wide) ,  when  they 


are  illuminated  simultaneously  in 
different  combinations.  During  these 
measurements,  there  were  always  8 
panels  wired  together.  When  all  8 
panels  were  the  narrow  ones,  the 
luminance  of  each  of  these  panels 
was  120  fL  at  100%  of  the  line  volt¬ 
age  (120  v.)  and  6.7  fL  at  40%  of 
the  line  voltage.  When  one  of  the 
narrow  panels  was  replaced  by  one  of 
the  wide  panels,  the  luminance  of 
the  former  decreased  to  110  fL;  the 
luminance  of  the  wide  panel  was  120 
fL.  When  two  of  the  narrow  panels 
were  replaced  with  wide  panels,  the 
luminance  of  the  former  decreased 
further  to  92  fL,  and  the  luminance 
of  the  wide  panels  decreased  to  110 
fL,  at  100%  of  line  voltage.  When 
there  were  four  panels  of  each,  the 
luminance  of  the  narrow  panels  was 
only  64  fL,  and  that  of  the  wide  was 
92  fL  at  100%  of  line  voltage.  The 
table  shows  the  combination- luminance 
relationship  for  both  100%  and  40% 
of  the  maximum  rheostat  settings . 

Table  IV  shows  the  luminance 
of  the  convex  EL  panels  at  various 
rheostat  settings  when  either  one 
or  two  such  panels  were  illuminated 
from  the  same  power  supply . 

DISCUSSION 

To  determine  which  arrangement 
of  lights  was  best,  we  measured  the 
errors  in  detecting  which  side  of  the 
hatch  was  the  top  at  different  dist¬ 
ances.  It  was  clear  that  when  the 
top  and  sides  of  the  hatch  were  out¬ 
lined  with  lights  but  the  bottom  was 
left  unlighted,  it  was  easiest  to 
identify  the  top  at  a  distance.  There 
may,  however,  be  a  reason  to  install 
a  light  at  the  bottom  of  the  hatch: 
in  some  cases  there  is  a  release-handle 
there  which. should  be  illuminated. 

If  so,  we  do  not  believe  this  poses 
a  serious  problem.  When  the  observer 
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Fig.  11.  Luminance  of  a  set  of  four  3/8  x  18  inch  .EL  panels  as  a 
function  of  the  line  voltage. 
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Table  III.  Luminance  (fL)  of  wide  (2  x  10  in)  and  narrow  (x/8  x  18  in) 
EL  panels  as  a  function  of  the  combinations  of  eight  panels 
simultaneously  illuminated 


Maximum 

Number 

of 

Panels 

Luminance 

Rheostat 

Setting 

Wide 

plus 

Narrow 

Wide 

Narrow 

100% 

0 

8 

- 

120 

1 

7 

120 

110 

2 

6 

110 

92 

3 

5 

100 

76 

4 

4 

92 

64 

40% 

0 

8 

- 

6.7 

1 

7 

12 

4.0 

2 

6 

7 

2.2 

3 

5 

4.2 

0.9 

4 

f 

4 

2.5 

0.5 
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Table  IV. 


Luminance  (fL)  of  convex  EL  panels  at  various  rheostat 
settings  when  either  one  or  two  panels  are  powered  by  the 
same  power  supply 


Percent  of 
maximum  rheostat 
setting 

One  light 

Two  lights 

40 

1.7 

0.2 

45 

3.9 

1.5 

55 

10.0 

4.5 

65 

18.0 

10.5 

75 

25.0 

17.5 

85 

34.0 

21.0 

95 

43.0 

23.0 

100 

45.0 

25.0 
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was  close  enough,  he  could  judge 
which  was  the  top  of  the  hatch  no 
matter  which  lighting  arrangement 
was  used.  Obviously,  in  order  to 
open  the  hatch  the  observer  must 
be  very  close.  Since  all  the 
lighting  configurations  allow  the 
observer  to  locate  the  hatches, 
there  is  little  doubt  that  he  will 
be  able  to  orient  them  when  he  is 
close  enough.  These  results  indi¬ 
cate  that  it  is  not  necessary  to 
completely  outline  the  hatch  with 
lights.  '  If  it  is  necessary,  for 
reasons  of  cost  or  weight,  to 
eliminate  some  lights  such  as  the 
light  along  the  bottom  of  the  hatch 
and  to  reduce  the  length  of  the 
side-lights,  that  apparently  can 
be  done  without  danger. 

The  problem  of  maximum  intensi¬ 
ty  turned  out  to  be  less  serious 
than  anticipated.  It  appears  that 
much  of  the  disorientation  noted 
in  the  previous  study11  resulted 
from  the  collimated  light  beams 
from  the  Bud  Diver  Lights.  None 
of  the  lights  assembled  into 
configurations  for  these  tests  was 
collimated,  and  there  was  much  less 
disorientation. 

The  findings  that  the  shorter, 
wider  panel  was  more  detectable 
than  the  longer , thinner  panel  of 
the  same  area  is  of  some  interest. 
There  has  been  a  considerable 
amount  of  research  on  the  question 
of  the  relative  identif iability.  of 
various  shapes . 1 0  A  number  of 
studies  have  concluded  that  tri¬ 
angles  are  more  easily  identified 
than  other  geometric  shapes.  But 
it  was  difficult  to  predict  from 
these  results  what  the  results  of 
our  experiment  would  be,  because 
the  shapes  of  the  lights  were  never 
perceptible.  We  have  found  only 
two  studies  that  bear  on  this 


problem.  Wulfeck  et  al.^>P-2^ 
cite  a  study  in  which  different 
shapes  and  areas  were  increased  in 
luminance  until  the  light  was  detect¬ 
able.  The  investigators  concluded 
that  size,  not  shape,  determined 
visibility.  '  It  appears  that  this 
was  not  the  case  in  the  present 
experiment,  because  the  areas  of  the 
two  shapes  were  equal ,  and  the 
shorter  stimulus  was  more  detectable. 

Helson  and  Fehrer12  presented 
different  black  forms  of  equal  area 
in  front  of  a  back-lighted  ground 
glass  screen.  They  determined  the 
luminance  thresholds  for  detection 
of  the  light,  the  luminance  at  which 
the  subjects  real ized  a  geometric 
form  was  present,  and  thresholds  for 
the  accurate  identification  of  the 
form.  The  luminance  thresholds  for 
the  identification  of  the  different 
forms  varied  by  a  factor  of  nearly 
four  from  one  form  to  another;  the 
thresholds  for  the  detection  of  the 
presence  of  light  surrounding  the 
different  forms  were  virtually  ident¬ 
ical.  In  view  of  the  fact  that  in 
the  water  the  different  shapes  could 
not  be  discriminated  and  the  thresh¬ 
olds  are,  therefore,  simply  for  the 
detection  of  light,  we  would  expect 
no  difference  between  the  detection 
thresholds  for  the  different  shapes 
which  we  presented. 

Yet,  we  did  find  a  difference 
favoring  the  shorter  stimulus.  The 
explanation  may  be  the  one  suggested 
by  Semple  et  al.1-*1  in  commenting  on 
the  results  of  an  experiment  by 
Hochberg  et  al . 1 3  Hochberg  et  al . 
measured  visibility  thresholds  for 
different  shapes  of  equal  area  and 
concluded  that  visibility  was  best 
for  simple,  compact, and  familiar 
figures.  Semple  et  al .  suggested 
that  the  compact  figures  may  have 
been  more  detectable  because  there 
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was  an  increase  in  brightness  over, 
the  smaJ ler  angular  subtense.  This 
seems  quite  possible  in  the  present 
case,  for  we  were  comparing  two  EL 
panels  of  equal  area— with  one  much 
longer  than  the  other,  the  shapes 
were  not  discriminable ,  and  we  were 
dealing  with  light  spread  diffusely 
over  different  angular  subtenses. 

The  loss  of  visibility  of  the 
lights  as  the  angle  of  regard  from 
the  normal  becomes  greater  does  not 
seem  to  pose  a  great  problem.  There 
is  no  great  decrease  until  the  view¬ 
ing  angle  is  below  45° .  It  is  not 
likely  that  the  viewing  angle  would 
fall  much  below  this.  The  thresholds 
for  viewing  angles  of  0°  were  ob¬ 
tained  with  the  subjects  holding 
their  heads  against  the  side  of 
the  pool;  this  is  not  likely  to 
occur  in  a  normal  helicopter.  If 
the  water  is  reasonably  clear,  then 
one  of  the  hatch  lights  should  be 
visible.  In  turbid  water,  the 
decrease  in  visibility  could  be  a 
problem,  but  it  can  easily  be 
solved  by  making  the  panels  some¬ 
what  convex. 

The  results  of  the  attempts 
to  read  words  under  water  show 
that  it  is  not  feasible  to  use 
printed  instructions  in  the  water. 
The  passengers  of  the  helicopter 
must  be  given  training  beforehand 
in  opening  the  escape  hatches  so 
that  they  are  like  the  well  trained 
soldier  who  can  disassemble  and 
reassemble  his  rifle  in  the  dark. 

The  dependence  of  luminance 
on  line  voltage  and  the  number  of 
other  lights  powered  by  the  same 
supply  suggests  that  it  may  be 
advisable  to  stabilize  the  line 
voltage  and  perhaps  have  a  separate 
power  supply  for  each  light. 
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